The present study was conducted to survey and evaluate the population densities of the major sucking insect pests infesting okra plants and their common associated predators and its relation with the prevailing temperature and relative humidity at Diarb-Nigm district, Sharkia Governorate, Egypt during the two summer growing seasons of 2015 and 2016. Bemisia tabaci (Gennadius), Oxycarenus hyalinipennis Costa, Aphis gossypii Glover, Empoassca lybica (Bergevin) and Thrips tabaci Linde were the main sucking insect pests on okra plants. The most dominant predaceous insect species were Metasyrphus corollae (Fabricius), Chrysoperla carnea (Stephens), Coccinella undecimpunctata Linnaeus and Coccinella septempunctata Linnaeus. B. tabaci showed four peaks in the first and the fourth weeks of July and in the fourth week of August and September in the first season. In the second season, it peaked in the first week of August and September. Two peaks of activity for A. gossypii occurred in the fourth week of July and August during the first season and in the second one it peaked in the fourth week of July and third week of August. T. tabaci peaked in the fourth week of August and the second week of September during the first season. In the second season, it peaked in the fifth week of August. E. lybica peaked in the third week of July, the fourth week of August and the second week of September during 2015 growing season, while in the season of 2016 it peaked in the second week of August and the first week of September. O. hyalinipennis peaked once in the third week of October in both seasons of the study. M. corollae recorded one peak in both seasons, in the first season it was observed in the fifth week of August, while in the second one it was in the second week of August. C. carnea recorded its maximum number in the third and the fourth weeks of July during the first and second seasons of the study, respectively. C. undecimpunctata showed three peaks of activity in the fourth week of June, the second week of July and the second week of August in the first season, while in the second one it peaked in the fourth week of July. C. septempunctata recorded two peaks in the second week of July and August during the first season of the study. In the second season, it peaked in the second week of July. Temperature and relative humidity influenced the populations of B. tabaci, O. hyalinipennis, A. gossypii, E. lybica, T. tabaci, M. corollae, C. carnea, C. undecimpunctata and C. septempunctata by 18.76, 3.19, 18.21, 10.79, 6.23, 15.20, 2.45, 11.75 and 1.45% in the first season of the study and by 41.48, 54.31, 41.47, 53.70, 54.31. 24.86, 7.61, 11.22 and 12.95% in the second one, respectively. Also, the predator-prey ratios were estimated.
INTRODUCTION
Okra (Abdelmoschus esculentus L. Moench) is highly nutritious vegetable belonging to the family Malvaceae. It contains carbohydrates, proteins, fat, vitamins A, C and B6, folic acid, magnesium, potassium, iron, ß carotene, riboflavin and fibre (Gopalan et al., 2007; Varmudy, 2011) . Okra is susceptible to the attack by many insect pests from vegetative to reproductive stages that cause considerable damage and reduce the productivity and an increase in farm cost . These insect pests include sucking insect pests such as Bemisia tabaci (Gennadius), Aphis gossypii Glover, Empoasca lybica (Bergevin), Oxycarenus hyalinipennis Costa and Thrips tabaci Linde that reduce crop yield directly by piercing plant tissues and sucking cell sap from the phloem cells or from general tissues of foliage or fruits and secreting honeydew which disturbs the photosynthesis process. Moreover, indirectly injury caused by transmission diseases as Leaf Cotton Curl Virus and Yellow Vein Mosaic diseases. (Bhatangar and Sharma, 1991; Harrison et al., 1997; Ahmad et al., 2002; Asi et al., 2008) .
It is important to survey insect pests, because routine use of chemical control without taking into consideration the insect pest density is economically wasteful, also environmentally hazardous chemicals (which destroys natural enemies and other beneficial insects) and toxic contaminants are introduced into the soil thus causing insecticide resistance (Biological Control Task Force, 2005).
Therefore, the present work aims to survey and evaluate the seasonal abundance of the major sucking insect pests and their associated predators on okra plants in relation with the prevailing temperature and relative humidity.
MATERIALS AND METHODS
The present investigation was carried out at Diarb-Nigm district, Sharkia Governorate, Egypt, during the two summer growing seasons of 2015 and 2016 to survey the major sucking insect pests attacking okra plants (Abdelmoschus esculentus L. Moench) and their common associated predatory insects. An experimental area of 350 m 2 was divided into three replicates (each about 115 m 2 ). This area designed according to the complete randomized blocks design and sown by okra seeds variety Balady on 1 st May in both growing seasons. Conventional agricultural practices were regularly performed according to the general program of okra cultivation without any insecticides application throughout the experimental period.
Hence the insects under investigation differed in their activities, living habits and distributions on various parts of the host plants, it was necessary to use different sampling techniques for each species of the tested sucking insect pests and their associated predators.
The weekly sampling started after five weeks from cultivation date and continued till the end of the experimental period and all samples were taken in daytime between 8 a.m. and 12 p.m. Two sampling techniques were used for surveying and counting inhabitant plants, i.e. plant sample and insect sweep net.
Plant Sample
Weekly samples of 10 leaves from each replicate were collected at random from different levels of plant height. The collected samples were transferred to the laboratory in tightly closed paper bages for inspection and counting the number of sucking insect pests (aphids, thrips and nymphs of white fly) and accompanied predators by the aid of binocular microscope. In the fruiting stage, 10 fruits were picked up randomaly from each replicate till harvesting and also transferred to the laboratory in paper bags. Okra fruits were dissected and the numbers of both nymphs and adults of Oxycarenus hyalinipennis Costa were counted.
Insect Sweep Net
To survey the flight insects infesting okra plants, an insect sweep net with a diameter of 30 cm and 60 cm in depth of the conical fine muslin was used. Each sample (consisted of 20 double strokes) was taken randomly at weekly intervals from both diagonal directions of the experimental area. Captured insects were transferred in well tied plastic bags to the laboratory for examination and counting.
Effect of Prevailing Temperature and Relative Humidity
Daily records of mean temperature and relative humidity during the experimental periods were obtained from the Agro-Meteorological Station at Zagazig city, Sharkia Governorate. Values of simple correlation (r), partial regression (b) and coefficient of determination (CD%) were calculated and used to describe the relationship between population fluctuation of sucking insect pests and their associated predators from one side and each of temperature and relative humidity according to Costat Software Microcomputer Program Analysis (1990).
RESULTS AND DISCUSSION

Survey and Relative Densities of the Main Sucking Insect Pests and their Common Associated Predators
Insect pests
As shown in Table 1 , five sucking insect species belonging to five families and two orders were recorded on okra plants during the two cropping seasons (2015 and 2016). The major counted sucking insect species were Bemisia tabaci (Gennadius), Oxycarenus hyalinipennis Costa, Aphis gossypii Glover, Empoasca lybica (Bergevin) and Thrips tabaci Linde with relative densities of 30. 00, 30.36, 22.17, 10.47 and 7 .00% during the first season of the study and 37. 71, 26.10, 20.43, 8.80 
Seasonal Abundance of the Main Sucking Insect Pests and their Common Associated Predators
Insect pests
Results presented in Table 2 show the seasonal abundance of the major sucking insect pests:
The cotton whitefly, Bemisia tabaci (Gennadius)
The immature stages of B. tabaci started to appear in the second week of June by 22 and 15 nymphs/sample during the two successive seasons of 2015 and 2016, consecutively. In the first season the population of B. tabaci increased gradually showing four peaks in the first and fourth week of June, in the fourth week of July, in the first week of Augest and in the fourth week of September with numbers of 114, 184, 353 and 268 nymphs/sample, subsequently. In the second season, B. tabaci peaked in the first week of both August and September by 203 and 536 nymphs/sample. Afterwards, a gradual decrease was observed till the end of both seasons. These results are in harmony with the findings of Khan and Ullah (1994) who found that the population of whiteflies on okra started to build up on early July and reached its peak in the months of August and September. Similar trends were found by Kumawat et al. (2000) . The obtained results are also partially similar to the findings of Abdel Hamed et al. (2011) who studied the population fluctuation of B. tabaci on okra plants at Qalyubia Governorate during the plantation seasons of 2009 and 2010 and reported that the plants of okra were liable for infestation with B. tabaci throughout the whole period of plant growth. They also indicated that the population of B. tabaci showed three peaks of activity on the 6 th and 27 th of July and on the 31 st of August then it decreased till the end of the experimental period during the two studied seasons.
The cotton aphid, Aphis gossypii Glover
In regard to A. gossypii the population appeared from the first week of June by 14 and 7 individuals/sample, respectively and continued to the third week of October during both investigation seasons. In the first season, the aphid population increased continuously recording its maximum in the fourth week of July and August with numbers of 137 and 497 individuals/sample, subsequently. The mean number of the aphid during the period of its occurrence was 95.70 individuals/sample. Also, in the second season the aphid population showed two peaks. The first one was recorded in the fourth week of July (89 individuals / sample). The second and highest peak was in the third week of August (268 individuas/sample). The mean number of A.gossypii during the period of its appearance was 75.70 individuals / sample. It was observed that A. gossypii nearly disappeared from the fourth week of October till the end of the experimental period. 
The cotton thrips, Thrips tabaci Linde
Concerning T. tabaci, the insect started to appear on okra plants in the second week of June by 12 individuals/sample. Then, the population was fluctuated giving two peaks. The first one (97 individuals/sample) was observed in the fourth week of August and the second peak (83 individuals/sample) took place in the second week of September. The mean number of the pest during the period of its appearance was 28.24 individuals/sample in the first growing season. While in the second season, the first appearance of the insect was in the third week of June with very few numbers (2 individuals/sample), then after the population of the insect increased gradually and reached its maximum in the fifth week of August by 71 individuals/sample, then the population decreased slightly and the insects nearly disappeared from the fourth week of October till the end of the experiment. The mean number of T. tabaci during the period of its occurrence was 27.28 individuals / sample. The present findings agree in a great part with those of Abdel Hamed et al. (2011) who stated that the first appearance of T. tabaci on okra plants was on the 1 st of June and the insect peaked on the 24 th of August and the 7 th of September during 2009 and 2010 growing seasons.
The cotton leafhopper, Empoasca lybica (Bergevin)
As for E. lybica, the obtained results cleared that the first presence of the insect in the first season was in the first week of June by 17 individuals/sample. Then, the population increased gradually and reached its maximum numbers with 140, 143 and 80 individuals / sample in the third week of July, fourth week of August and second week of September, respectively. The mean number of E. lybica during the period of its appearance was 44.68 individuals/sample. In the second season, E. lybica started to appear on okra plants with few numbers (9 individuals/sample) in the second week of June, then the insect numbers fluctuated to record two peaks of activity in the second week of August and first week of September by 82 and 53 individuals/sample, consecutively. The mean number of the cotton leafhopper during the period of its occurrence was 32.42 individuals/sample. It was noticed that okra plants were nearly free from any infestation with E. lybica during the last inspections of both growing seasons.
These results relatively agree with those obtained by Pal et al. (2013) who found that there was a significant increase of jassids population on okra at the flowering and fruiting stages.
The cotton seed bug, Oxycarenus hyalinipennis Costa
It is obvious that the population of O. hyalinipennis was not encountered during the early growth stage of okra plants and it was almost occurred in fruiting stage. The initial incidence of the bug was recorded in the third week of September with 100 and 116 individuals/ sample in the first and second seasons, respectively. Then the insect population increased gradually and peaked in the third week of October by 433 and 368 individuals/sample during 2015 and 2016 growing seasons, respectively. Thereafter, the insect population started to decrease again. The mean number of O. hyalinipennis during the period of its appearance in the first season was 279.63 individuals/sample, while in the second one it was 215.38 individuals / sample. The present findings are in partial consonance with those of Pal et al. (2013) who reported that the population of the cotton seed bug increased slowly in the vegetative period but soon after development of fruits the population rapidly increased and attained maximum level just one week after fruiting. They added that the population gradually decreased later but caused considerable damage to the fruits till the maturity of the crop.
Insect predators
Results summarized in Table 3 show the seasonal abundance of the dominant predators associated with the major sucking insect pests infesting okra plants during the two seasons of the study.
The syrphus fly, Metasyrphus corollae (Fabricius)
The obtained results indicate that the first presence of M. corollae was in the third week of July by 6 and 3 individuals / sample in the first and second seasons, respectively. In the first season there was one peak of activity in the fifth week of August (18 individuals/sample), while in the second one the peak occurred in the second week of August (21 individuals/sample). The relative density of M. corollae as compared with the total numbers of considered predators were 38.03 and 35.79% in 2015 and 2016, respectively.
Such findings are relatively agree with those of Hammad and Mohsen (2000) who recorded M. corollae as one of the main predators that existing on roselle plant at El-Khattara district, Sharkia Governorate.
The green lacewing, Chrysoperla carnea (Stephens)
As for C. carnea, the population appeared during a short period that confined between the first week of July (4 individuals/sample) and the second week of August recording its maximum number (15 individuals/sample) in the third week of July in season of 2015. In the second season (2016), the population started with a few number (2 individuals / sample) in the first week of July and continued till the fourth week of August and peaked in the fourth week of July by 14 individuals / sample. The relative densities of C. carnea were 22.53 and 27.89% during the two studied seasons, successively.
The present work is supported by the findings of Henn and Weinzierl (1990) who reported that C. carnea larvae are active predators feed on many insect pests infesting field crops. Hoffmann and Frodsham (1993) stated that the green lacewings are common in agricultural fields and their adults feed only on nectar, pollen and aphid honeydew, but their larvae are active predators and they occur in a wide range of habitats.
The eleven-spotted ladybird bettle, Coccinella undecimpunctata Linnaeus
In the first season, C. undecimpunctata population was observed from the third week of Some earlier researchers had also reported that coccinellids are one of the natural enemies that contributed to the reduction of insect pests of okra (Solangi and Lahor, 2007) .
The seven-spotted ladybird bettle, Coccinella septempunctata Linnaeus
As regards C. septempunctata, the population in the first season of the study appeared from the fourth week of June (5 individuals / sample) and continued till the first week of September recording two peaks of activity with 8 and 6 individuals / sample in the second week of both July and August, respectively. While in the second season the predator was observed on okra plants from the fourth week of June (3 individuals / sample) to the third week of August reaching its maximum in the second week of July by 7 individuals / sample. The relative densities of C. septempunctata were 17.37 and 15.26 during the first and the second seasons, successively.
Similar results were obtained by Khan et al. (2015) who found that the population of C. septempunctata started from mid June and reached to its highest number in July.
Effect of Temperature and Relative Humidity on the Main Sucking Insect Pests and their Associated Predators
Results presented in Table 4 clear the influence of the two ecological weather factors, temperature and relative humidity on the population of the main sucking insect pests and their common predators existing on okra plants.
Insect pests Cotton whitefly, B. tabaci
The correlation coefficient between B. tabaci population and mean temperature was positive and significant (r 1 = 0.4238 * ) in the first season, while in the second one it was positive and insignificant (r 1 =0.1341 ns ), In case of relative humidity it was negative and insignificant in the first season (r 2 =-0.0622 ns ) and positive and insignificant in the second one (r 2 = 0.3622 ns ). The coefficient of determination percentages were 18.76 and 41.48% during 2015 and 2016 growing seasons, respectively.
Cotton seed bug, O. hyalinipennis
There was a negative correlation between temperature and the population density of the cotton seed bug on okra plants being insignificant in the first season (-0.1786 ns ) and highly significant in the second one (r 1 =-0.7370 *** ). As for relative humidity, it was positive insignificant in the first season of the study (r 2 = 0.0651 ns ) and positive and significant in the second one (r 2 = 0.5125 * ). The coefficient of determination clearly shows that the two considered weather factors affected the population density of O. hyalinipennis by 3.19 and 54.31% during the two mentioned seasons, respectively.
Cotton aphid, A. gossypii
There were positive and insignificant correlation relationships between the weekly numbers of the cotton aphid and mean temperature in both seasons, whereas r 1 valued 0.4117 ns and 0.2770 ns in the first and second seasons, successively. Relative humidity showed negative and insignificant effect, with (r 2 ) value of -0.0368 ns in the first season, while in the second one it was positive and insignificant with (r 2 ) value of 0.2284 ns . The coefficient of determination percentages of the two tested weather factors were 18.21 and 41.47% for the two growing seasons, respectively.
Cotton leafhopper, E. lybica
E. lybica population had positive and insignificant correlation with the mean temperature, where r 1 =0.2954 ns and 0.4090 ns during the two growing seasons, respectively. Also, relative humidity showed positive and insignificant correlation (r 2 =0.0330 ns and 0.1564 ns ) in the experimented seasons, subsequently. The CD (%) for temperature and relative humidity were 10.79 in the first season and 53.70% in the second one. 
Cotton thrips, T. tabaci
The correlations between T. tabaci population and mean temperature were positive and insignificant (r 1 =0.2491 ns and 0.2087 ns ) in both seasons, successively. In regard to relative humidity, the correlation was negative and insignificant in the first season (r 2 = -0.1008 ns ) and positive and insignificant in the second one (r 2 = 0.3662 ns ). The coefficient of determination percentages of the two studied weather factors were 6.23 and 54.31% for the two successive seasons, consecutively.
Insect predators
Syrphus fly, M. corollae
The weekly number of M. corollae had positive and insignificant correlation with the mean temperature (r 1 = 0.3637 ns ) in the first season, while in the second season it was insignificantly negative (r 1 = -0.0828 ns ). Relative humidity showed positive and insignificant correlations (r 2 = 0.0065 ns and 0.3425 ns ) for both seasons, respectively. The CD (%) values for temperature and relative humidity were 15.20 in the first season and 24.86% in the second one.
Green lacewing, C. carnea
The obtained results show positive and insignificant correlations between mean temperature and the population of C. carnea (r 1 = 0.1558 ns and 0.2185 ns ) during the two seasons, respectively. In case of relative humidity the correlations were negative and insignificant (r 2 = -0.0384 ns and -0.0878 ns ) during the two seasons, respectively. The coefficient of determination percentages for temperature and relative humidity were 2.45 and 7.61% in 2015 and 2016 growing seasons, successively.
Eleven-spotted ladybird bettle, C. undecimpunctata
The correlation relationships between C. undecimpunctata population and mean temperature were positive and insignificant (r 1 = 0.3397 ns and 0.1654 ns ) in the two experimented seasons, respectively. While the correlations respecting relative humidity proved to be insignificantly negative (r 2 = -0.1604 ns ) during the first season and insignificantly positive in the second one (r 2 = 0.0248 ns ). The coefficient of determination percentages of the two studied weather factors were 11.75 and 11.22% for the two growing seasons, consecutively.
Seven-spotted ladybird bettle, C. septempunctata
The correlation coefficients between C. septempunctata population and mean temperature were positive and insignificant (r 1 = 0.1160 ns and 0.2690 ns ) in the two successive seasons, respectively. Relative humidity showed positive and insignificant influence (r 2 = 0.0103 ns ) in the first season, while it was negative and insignificant in the second one (r 2 = -0.0903 ns ). The CD (%) values for temperature and relative humidity were 1.45% in the first season and 12.95% in the second one.
The obtained results indicated that weather factors are the most important variable factors affecting the population density of sucking insect pests and their associated predators on okra plants. The present findings are in consonance to those of Rote and Puri (1992) who stated that relative humidity is a contributing factor in the population changes of the phytophagous pests (insects and mites), as well as for their predators on okra and squash plants. Such finding are also in conformity with those of Gogoi and Datta ( 
The Ratios Between the Common Predators and the Main Sucking Insect Pests
As seen in Table 5 , the relationships between the previously mentioned common predators and the main sucking insect pests infesting okra plants during the two seasons of study were calculated as predators : preys ratios. The highest predators : preys ratio during the first season of the study (1 : 14.78) was recorded in July. In the second season, the highest predators: preys ratio (1 : 8.11) was obtained also during July. The seasonal predators : preys ratios were 1 : 38.23 and 1 : 37.02 during the first and second seasons, respectively. In general, the highest mean of predators : preys ratio during the two seasons of the study (1 : 11.43) was recorded during July. The general predators : preys ratio during the two seasons of the study was 1 : 37.66.
Such findings are partially agree with those of El-Khawas and El-Khawas (2008) who determined the predator : prey ratios between the major piercing sucking insect pests and their associated predators on eggplant and squash plants in Sharkia Governorate during 2006 and 2007 growing seasons. Similar trends were found by Ghanim et al. (2010) who calculated the ratio between certain piercing sucking insects and the predator, C. undecimpunctata on cotton plants in Dakahlia Governorate and found that the maximum ratio was recorded in September during both 2008 and 2009 growing seasons.
